Specifically carboxymethylated hemoglobin as an analogue of carbamino hemoglobin. Solution and X-ray studies of carboxymethylated hemoglobin and X-ray studies of carbamino hemoglobin.
Hemoglobin can be specifically carboxymethylated at its NH2-terminal amino groups (i.e. HbNHCH2COO-) to form the derivatives alpha 2Cm beta 2, alpha 2 beta 2Cm, and alpha 2Cm beta 2Cm, where Cm represents carboxymethyl. Previous studies (DiDonato, A., Fantl, W. J., Acharya, A. S., and Manning, J. M. (1983) J. Biol. Chem. 258, 11890-11895) suggested that these derivatives could be used as stable analogues of the corresponding carbamino (Hb-NHCOO-) forms of hemoglobin, adducts that are generated reversibly in vivo when CO2 combines with alpha-amino groups. In this paper we present x-ray diffraction studies of both carbamino hemoglobin and carboxymethylated hemoglobin that verify this proposal and we use the carboxymethylated derivatives to study the functional consequences of placing a covalently bound carboxyl group at the NH2 terminus of each hemoglobin subunit. Our studies also provide additional information concerning the oxygen-linked binding of anions and protons to Val-1 alpha. Difference electron density analysis of deoxy alpha 2Cm beta 2Cm versus the unmodified deoxyhemoglobin tetramer (deoxy alpha 2 beta 2) shows that the covalently bound carboxyl moieties replace inorganic anions that are normally bound to the free NH2-terminal amino groups in crystals of native deoxyhemoglobin grown from solutions of concentrated (2.3 M) ammonium sulfate. In the case of the beta-subunits, the carboxymethyl group replaces an inorganic anion normally bound between the alpha-amino group of Val-1 beta, the epsilon-amino group of Lys-82 beta, and backbone NH groups at the NH2-terminal end of the F'-helix. In the case of the alpha-subunits, the carboxymethyl group replaces an anion that is normally bound between the alpha-amino group of Val-1 alpha and the beta-OH group of Ser-131 alpha. A corresponding difference electron map of carbamino deoxyhemoglobin in low-salt (50 mM KCl) crystals shows that CO2 bound in the form of carbamate occupies the same two anion binding sites. The alkaline Bohr effect of alpha 2Cm beta 2 is only marginally lower (approximately 7%) than that of alpha 2 beta 2. Previous studies (Kilmartin, J. V., 1977) have shown that about 30% of the alkaline Bohr effect is the result of an oxygen-linked change in the pK alpha of Val-1 alpha, and O'Donnell et al., 1979, found that this portion of the Bohr effect is the result of the oxygen-linked binding of chloride to Val-1 alpha.(ABSTRACT TRUNCATED AT 400 WORDS)